ABSTRACT. The plasma leptin concentration was evaluated in dogs with diabetes mellitus. Twenty normal and sixteen diabetic dogs were divided into nonobese and obese groups based on body condition score, respectively. The obese normal dogs had significantly higher plasma leptin concentrations than the nonobese normal dogs, whereas there was no significant difference between the nonobese and obese diabetic dogs. In addition, the plasma leptin concentration in the obese diabetic dogs was significantly lower than that in the obese normal dogs. In conclusion, the plasma leptin concentrations in the diabetic dogs were affected by factors other than adiposity.
, Masaki TAKASU 3) , Tsutomu HONJOH 4) , Haruki SHIBATA 4) , Yoshihiko OTSUKA 5) , Satoshi TAKASHIMA 2) , Yasunori OHBA 2) and Hitoshi KITAGAWA 2) 1) Laboratory of Veterinary Pharmacotherapeutics, Faculty of Agriculture, Tottori University, 4-101 Minami, Koyama-cho, Tottori 680-5883, 2) Laboratory of Veterinary Internal Medicine, Faculty of Applied Biological Sciences, Gifu University, 1-1 Yanagido, Gifu 501-1193, 3) Leptin is a product of the ob gene, which is mainly secreted from adipose tissue [16] . It regulates body weight through modulation of feeding behavior and energy expenditure [2] . In addition, leptin is known to have an important role in glucose and lipid metabolism [2] . It is also known to have positive correlation to adiposity in humans [3] and dogs [7] . Other than adiposity, insulin is one of factors that regulate the plasma leptin concentration, and it has been shown that an insulin administration increases the plasma leptin concentration [8] . Insulin administration has also been shown to increase the plasma leptin concentration in dogs [6] . Since leptin has an intimate involvement in insulin secretion or insulin resistance [16] , it can contribute to the pathophysiology of diabetes mellitus. However, plasma leptin concentrations have not been investigated in dogs with diabetes. In the present study, we determined plasma leptin concentrations in diabetic dogs.
This study included 36 dogs brought to the Veterinary Teaching Hospital of Gifu University ( Table 1) . Sixteen of them were dogs newly diagnosed with diabetes mellitus based on clinical signs, physical examination, continuously high plasma glucose concentrations, and detection of glucosuria. All diabetic dogs required insulin treatment, and none of them were transient hyperglycemia, such as diestrus-and gestation-associated diabetes. The remaining twenty were age-and body condition-matched normal dogs diagnosed as clinically healthy based on physical examination, complete blood count and biochemical analysis. The diabetic and normal dogs were divided into two groups, the nonobese and obese groups, based on body condition score (BCS) in accordance with a 9-point scale [9] (BCSs of 4 to 6 and 7 to 9 were considered nonobese and obese, respectively). This study was conducted in a manner consistent with the Gifu University Guidelines for Animal Experimentation. Fasting venous blood samples were collected into heparin-coated tubes and then centrifuged. Isolated plasma samples were stored at -30C until measurement of the plasma leptin and insulin concentrations. The plasma leptin and insulin concentrations were determined by the same methods, an enzyme-linked immunosorbent assay and an immunoradiometric assay, respectively, as used in our previous study [10] . Differences in variables between the groups were determined by the Mann-Whitney test. Correlation between the plasma leptin concentration and the variables was evaluated by use of the Spearman rank correlation coefficient. Probabilities of less than 0.05 were considered to be statistically significant.
The plasma leptin concentrations of the normal and diabetic dogs are shown in Fig. 1 . The obese normal dogs had significantly higher plasma leptin concentration than the nonobese normal dogs (13.1  7.6 vs 1.1  0.3 ng/ml). On the other hand, there was no significant difference between the obese diabetic and the nonobese diabetic dogs (1.5  1.0 vs 2.3  2.7 ng/ml). No difference was observed between the nonobese diabetic and the nonobese normal dogs. The plasma leptin concentrations of the obese diabetic dogs were significantly lower than those of the obese normal dogs. The plasma leptin concentration was significantly correlated with age and BCS in the normal dogs, whereas it was not in the diabetic dogs (Table 2 ). Other variables, including plasma glucose, insulin, cholesterol and triglyceride concentrations, showed no correlation with the plasma leptin concentration in both the normal and diabetic dogs.
To our knowledge, this is the first study reporting about the plasma leptin concentration in dogs with diabetes mellitus. The results of the present study showed that there was significantly lower concentration of leptin in the obese diabetic dogs compared with the obese normal dogs. The low plasma leptin concentration in diabetic patients is consistent with the previous results for human type 1 [5, 11] and 2 diabetes [1, 11, 13] . The plasma leptin concentration showed significant correlation with age and BCS in the normal dogs, as previously known [7] , however, there was no such correlation in the diabetic dogs. In other words, plasma leptin concentrations did not increase along with age or BCS in the diabetic dogs. Although age and BCS are important determinants for the plasma leptin concentration, other might largely affect the plasma leptin concentration in diabetic dogs. One of possible causes for the disturbance of leptin concentration in diabetic dogs is insulin deficiency. Because insulin administration increases the blood leptin concentration [6, 8] , deficiency of insulin effect can result in a low blood leptin concentration. However, the plasma insulin concentration in the diabetic dogs showed no correlation with the plasma leptin concentration, was not significantly different from that in the normal dogs. This might be because the dogs in the present study were sampled under fasting conditions, or because some of the diabetic dogs had high fasting plasma insulin concentrations, which indicate existence of insulin resistance. Canine diabetes mellitus has been believed to be a disease caused by absolute deficiency of insulin secretion or relative deficiency of insulin by other pathology such as insulin resistance [4] . The limitation of the present study is the heterogenous pathologic type of diabetes mellitus. The lack of detailed pathologic data complicates further discussion. However, in both mechanisms, absolute and relative deficiency of insulin, the plasma leptin concentration in dogs with diabetes possibly becomes lower than in normal dogs.
On the other hand, some studies in human diabetes have shown that the blood leptin concentration is high [15] or unchanged [12, 14] . However, the patients included in some of these studies had received treatments such as insulin administration. Since insulin administration positively affects the blood leptin concentration [6, 8] , the discrepancy in the leptin concentration among the previous studies might be due to the difference in experience of the treatments. Indeed, insulin treatment significantly increases the leptin concentration in patients with type 1 diabetes [5] . Polyphagia is one of symptoms of canine diabetes mellitus. Because leptin acts to suppress appetite, deficiency of leptin can cause an increase of appetite [2] . The present results suggest that polyphagia observed in dogs with diabetes mellitus might be attributable in part to a decreased plasma leptin concentration.
In conclusion, the obese diabetic dogs had lower plasma leptin concentrations than the BCS-matched normal dogs. In dogs with diabetes mellitus, the plasma leptin concentration might be largely affected by factors other than adiposity.
